To examine the effect of inclusion insoluble nonstarch polysaccharides (iNSP) in weaned diets on postweaning piglet performance, intestinal activity, and microbial composition 2 experiments were designed. In Exp. 1, 180 piglets were weaned at 28 d of age and divided over 3 treatments: positive control (PC; highly digestible protein), negative control (NC; standard cereal-based diet), and an experimental diet {iNSP; standard + 15% iNSP [wheat straw and oat (Avena sativa) hull]}. Diets were fed during 14 d after weaning. The ADFI, ADG, and G:F were determined. The inclusion of iNSP increased (P < 0.001) ADFI and G:F during days 0 to 14 after weaning and increased the ADG (P = 0.008) during days 0 to 7 after weaning compared with the NC diet. In Exp. 2, 36 piglets were fed the same diets as in Exp. 1. On days 5 and 14 after weaning, 18 piglets were euthanized to determine enzyme activity, intestinal morphology, and microbial population in the ileum and colon and organ weight. The iNSP diet reduced the concentration of Escherichia coli bacteria in the ileum (P = 0.021) and in the colon (P = 0.002) digesta and tended to increase (P = 0.060) the amylase activity. The iNSP diet stimulated the physical adaptation of the gastrointestinal tract because stomach weight as percentage of BW was heavier (P = 0.004) than for the NC diet. In conclusion, the consumption of diets with higher iNSP content in the early weaning period affects the microbial colonization without reducing enzyme activity or animal performance compared with a standard weaned pig diet.
INTRODUCTION
Weaning is a stressful period for piglets and is often associated with reduced feed intake, low weight gain, and marked changes in the structure and function of the gastrointestinal tract. Damage to the intestinal morphology and function is greater between days 4 and 7 after weaning, and after this period the piglets adapt to the new diet and increased feed intake and recover their intestinal function (Lallès et al., 2007) . The inclusion of fi ber ingredients in postweaning diet has been controversial because fi ber may reduce feed intake and nutrient digestibility increasing the risk of proliferation of pathogenic bacteria. However, growing evidence exists that including insoluble nonstarch polysaccharides (iNSP) in the postweaning diet may reinforce commensal microbiota in the hindgut by enhancing the fermentation activities (Högberg and Lindberg, 2006) and increasing the gut health of the animals . Therefore, we hypothesized that inclusion of iNSP in postweaning diets may limit intestinal damage and stimulate recovery. The aim of the present study was to examine the effects of iNSP inclusion on postweaning performance and intestinal activity and microbial composition.
MATERIALS AND METHODS
Two experiments were performed that each comprised 3 treatments: a positive control (PC), a diet containing highly digestible protein [e.g., skim milk powder instead of soybean (Glycine max) meal; 9.9 MJ NE, 163 g/kg CP, 46 g/kg crude fat, and 27 g/ kg crude fi ber]; a negative control (NC), a standard cereal-based weaned pig diet [25% barley (Hordeum vulgare), 20% wheat, and 20% corn (Zea mays); 9.8 MJ NE, 191 g/kg CP, 54 g/kg crude fat, and 29 g/kg crude fi ber]; and an iNSP diet, the standard diet with 15% iNSP by including oat hull and wheat straw (8.5 MJ NE, 169 g/kg CP, 52 g/kg crude fat, and 74 g/kg crude fi ber). Piglets were fed the experimental diets from 30 h after weaning onwards. Piglets [Tempo (TOPIGS, Helvoirt, The Netherlands) × (Great Yorkshire × Finnish Landrace)] from the Schothorst Feed Research herd were used with an approximate weaning age of 28 d. In Exp. 1, for evaluating animal performance, 180 piglets (10 replicates per diet) were housed in groups of 6 animals and randomly distributed to the 3 experimental diets. Piglets had ad libitum access to feed and drinking water. Animal BW and feed intake per pen was registered at days 7 and 14 after weaning. Fecal consistency was scored per pen twice a week on a scale from 1 to 10 (1 = liquid feces and 10 = hard and dry feces). Experiment 2 was designed for studying effects of experimental diets on the microbial composition and gut activity from weaning until 14 d after weaning. In total, 36 piglets were individually housed in metabolic cages (1.00 by 1.00 m) and randomly distributed within the same experimental diets as Exp. 1. Piglets were fed according to a restricted feeding scheme starting with 0.6 times maintenance on day 2 until 3 times maintenance on day 14 after weaning. To measure the gut activity and microbial composition half of the animals (the heaviest ones) were euthanized on day 5 and the other half at the end of the experimental period. Piglets were bled and the abdomen was opened immediately. Weight of the stomach, small and large intestine, liver, and pancreas was recorded. Digesta samples from ileum and colon were taken to determine the concentration of Escherichia coli and lactobacilli by direct plating methods. Enzyme activities in the pancreas and jejunum mucosa were determined following the methods described by Marion et al. (2002) . Finally intestinal morphology analyses were done according to Goodlad et al. (1991) . Data were analyzed as a randomized design by ANOVA using GenStat for Windows (10th version). Pen in Exp. 1 and piglet in Exp. 2 were used as experimental units for performance and intestinal function, respectively. For Exp. 2, day (5 or 14) and interaction between day and treatment was also included in the model. The α level used to determine signifi cance was 0.05. Tendencies 0.05 < P < 0.10 are also presented.
RESULTS
In Exp. 1, inclusion of iNSP in a weaned pig diet increased (P < 0.001) ADFI compared with PC and NC diets during days 0 to 7 and days 0 to 14 after weaning (Table 1 ). The ADG of piglets fed the iNSP diet was higher (P = 0.008) than of piglets fed the NC diet during days 0 to 7 after weaning. The G:F did not differ during days 0 to 7, but feeding iNSP diet during days 0 to 14 after weaning increased (P < 0.001) G:F compared with feeding the NC diet. Fecal consistency did not differ during days 0 to 7, but piglets fed the iNSP diet had Within row, means without a common superscript differ (P < 0.05). 1 PC = positive control; NC = negative control; iNSP = insoluble nonstarch polysaccharide.
2 Fecal consistency was registered from 1 to 10; 1 = liquid stool and 10 = hard, dry stool. Within row, means without a common superscript differ (P < 0.05). A,B Within row, means without a common superscript differ (P < 0.10). 1 PC = positive control; NC = negative control; iNSP = insoluble nonstarch polysaccharide.
increased (P = 0.005) fecal consistency during days 0 to 14. Inclusion of iNSP affected enzymatic activity and gut microbial composition. The number of E. coli in the ileum (P = 0.021) and colon digesta (P = 0.002) were lower whilst the number of lactobacilli were not affected by diet (Table 2) . Counts of E. coli and lactobacilli were lower (P < 0.001) on day 5 than day 14 after weaning. Piglets fed the iNSP diet did not differ in activity of brush border enzymes (saccharase, aminopeptidase N, lipase, and trypsin) but tended to have greater (P = 0.060) amylase activity. Saccharase and aminopeptidase N activity were lower on day 5 than to day 14 [82.7 vs. 43.5 (P < 0.001) and 161.5 vs. 135.2 mmol/g protein (P = 0.043), respectively). Finally, the iNSP diet increased (P = 0.004) stomach weight as a percentage of BW. Weight of other organs did not differ among experimental diets.
DISCUSSION
The inclusion of iNSP in a weaned pig diet increased ADFI and ADG during days 0 to 7 after weaning, similar to previous research (Högberg and Lindberg, 2006) . Piglets can adapt to voluminous diets by increasing capacity of the gastrointestinal tract (Freire et al., 2000) . In the present study, inclusion of iNSP also increased stomach weight. The inclusion of iNSP affected intestinal microfl ora composition, which was the combined result of less protein and more iNSP reaching the colon making it more diffi cult for E. coli bacteria to colonize . In general, the inclusion of iNSP in a weaned pig diet increased ADG and ADFI intake during the fi rst week after weaning ). This improved ADG can be explained not only by the higher ADFI but also by the better condition of the intestines, resulting in a higher enzyme activity and improved composition of the microfl ora. In conclusion, the consumption of diets with higher iNSP content in the early weaning period affects the microbial colonization without reducing enzyme activity or animal performance compared with a standard weaned pig diet.
